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PbWO and shashlik calorimetry for LHC.

• CMS – PbWO
• ALICE- PbWO and 

shashlik
• LHCB-shashlik
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Why did CMS select PbWO?
• Space limitation with the magnet and the tracker.
• Only APD was a reasonable option of the photosensor with the strong 

magnetic field. APD required a temperature stabilization and was coplanar 
with PbWO
• ECAL endcaps were instrumented with photo triodes.
• The Crystal Clear Collaboration promised very radiation hard PbWO. 
• PWO production was concentrated in one place with very tight control of 

CERN management.
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LHCb shashlik calorimeter (was made with 
the experience of PHENIX and HERA-B)

2008 JINST 3 S08005

a)

b)

ADC channel

E
v
e

n
ts

/5
 c

h
a

n
n

e
ls

Figure 6.24: Energy deposition of (a) 50 GeV electrons and (b) pions in the PS.

Figure 6.25: Downstream view of the ECAL installed (but not completely closed) with the excep-
tion of some detector elements above the beam line. Outer, middle and inner type ECAL modules
(right).

effects have been studied with the prototype in both a tagged photon beam and beams of electrons
and pions of different energies, in the CERN X7 test beam area. The results were compared with
simulation. The measurements for photon energies between 20 and 50 GeV show [137] that the
probability of photon misidentification due to interactions in the SPD scintillator is (0.8±0.3)%,
when applying a threshold of 0.7 MIPs. The probability to pass this threshold due to backward
moving charged particles was measured to be (0.9±0.6)% and (1.4±0.6)% for 20 and 50 GeV
photons, respectively. All these numbers are in very good agreement with MonteCarlo simulation
study. More details on backsplash study can be found in [137].

– 102 –

Downstream view of the ECAL installed (but not completely closed) with 
the exception of some detector elements above the beam line. 
Outer, middle and inner type ECAL modules (right). 

2008 JINST 3 S08005

Table 6.4: Main parameters of the LHCb electromagnetic calorimeter. (*) Only 1536 channels are
active, instead of 1584, due to the clearance around the beam.

Inner section Middle section Outer section
Inner dimension, x⇥ y, cm2 65⇥65 194⇥145 388⇥242
Outer dimension, x⇥ y, cm2 194⇥145 388⇥242 776⇥630
Cell size, cm2 4.04⇥4.04 6.06⇥6.06 12.12⇥12.12
# of modules 176 448 2688
# of channels 1536⇤ 1792 2688
# of cells per module 9 4 1
# of fibres per module 144 144 64
Fibre density, cm�2 0.98 0.98 0.44

6.2.4 The electromagnetic calorimeter

The shashlik calorimeter technology, i.e. a sampling scintillator/lead structure readout by plastic
WLS fibres, has been chosen for the electromagnetic calorimeter not only by LHCb but by a num-
ber of other experiments [138, 139]. This decision was made taking into account modest energy
resolution, fast time response, acceptable radiation resistance and reliability of the shashlik tech-
nology, as well as the experience accumulated by other experiments [140–142]. Specific features
of the LHCb shashlik ECAL are an improved uniformity and an advanced monitoring system. The
design energy resolution of sE/E = 10%/

p
E � 1% (E in GeV) results in a B mass resolution of

65 MeV/c2 for the B ! K⇤g penguin decay with a high-ET photon and of 75 MeV/c2 for B ! rp
decay with the p0 mass resolution of ⇠ 8 MeV/c2.

The electromagnetic calorimeter, shown in figure 6.25 (left), is placed at 12.5 m from the
interaction point. The outer dimensions of the ECAL match projectively those of the tracking
system, qx < 300 mrad and qy < 250 mrad; the inner acceptance is mainly limited by qx,y > 25 mrad
around the beampipe due to the substantial radiation dose level. The hit density is a steep function
of the distance from the beampipe, and varies over the active calorimeter surface by two orders of
magnitude. The calorimeter is therefore subdivided into inner, middle and outer sections (table 6.4)
with appropriate cell size, as shown in figure 6.25 (right).

A module is built from alternating layers of 2 mm thick lead, 120 µm thick, white, reflecting
TYVEK16 paper and 4 mm thick scintillator tiles. In depth, the 66 Pb and scintillator layers form
a 42 cm stack corresponding to 25 X0. The Moliere radius of the stack is 3.5 cm. The stack is
wrapped with black paper, to ensure light tightness, pressed and fixed from the sides by the welding
of 100 µm steel foil.

The scintillator tiles are produced from polystyrene17 with 2.5% PTP18 and 0.01% POPOP19

admixtures. The scintillator tile production employs a high pressure injection moulding technique.
Tile edges are chemically treated to provide diffusive reflection and consequently improved light

16TYVEK of type 1025D used, product of E.I. du Pont de Nemours and Company.
17Polystherene in pellets, Polystyrol 165H, [Cn Hn], product of BASF AG, Badische Anilin- & Soda Fabrik Aktienge-

sellschaft, Carl-Bosch-Strasse 38, D-67056 Ludwigshafen, Germany, mailto:global.info@basf.com.
18PTP, p-Terphenyl, 1,4-Diphenylbenzene, [C6 H5 C6 H4 C6 H5], product of FLUKA(TM), Sigma-Aldrich Chemie

GmbH, CH-9470, Buchs, Switzerland, mailto:fluka@sial.com.
19POPOP, 1,4-Bis(5-phenyl-2-oxazolyl)benzene, [C24 H16 N2 O2], product of FLUKA(TM), Sigma-Aldrich Chemie

GmbH, CH-9470, Buchs, Switzerland, mailto:fluka@sial.com.
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The light from the scintillator tiles is absorbed, re-emitted and transported by 
1.2 mm diameter WLS Kuraray Y-11(250)MSJ fibrs, traversing the entire module. 
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Sub Project:  Development of a High Density, Fully Projective Shashlik 
Electromagnetic Calorimeter with Improved Energy, Position and Timing 
Resolution for EIC        
Project Leaders:  S. Kuleshov, E. Kistenev and C.Woody 
 
Past 
 
What was planned for this period? 
 

  UTFSM planned to produce one 40 X0 and one 20 X0 high density shashlik module 
and test both of them during the last six month period. We planned to test the 40 X0 
module in the test beam at CERN in the spring of 2018 and to test the 20 X0 module 
at the Detector Laboratory at UTFSM. The modules are comprised of 38 x 38 x 1.5 
mm W80Cu20 plates from UTFSM and the same size scintillator tiles provided by 
IHEP. Each module consists of a 2x2 array of 19 x 19 mm towers that are each 
penetrated by 4 WLS fibers. Each fiber is read out individually with its own SiPM, 
which allows a measurement of the shower position within the tower. While the light 
collection uniformity of this compact tower is expected to be quite good due to the 
short propagation distance of light from any point in the scintillator to one of the WLS 
fibers, measuring the position of the shower within the tower enables a position-
dependent correction to be performed that can be used to correct for any residual non-
uniformity. As a result, we expect the uniformity of the energy response of a compact 
shashlik calorimeter to be superior to the response of a comparably compact W/SciFi 
calorimeter. However, this conjecture needs to be verified, both by simulation and by 
measurements, which is the goal of this R&D effort.  
 
What was achieved? 
 

   The design of the high density shashlik modules was completed and most of the 
materials for constructing the modules were obtained. Figure 1 shows the overall 
design of the module. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  High density shashlik module consisting of 38 x 38 x 1.5 mm W80Cu20 
absorber plates corresponding scintillator tiles read out with WLS fibers and SiPMs.  
 
 

Front surface showing ends 
of mechanical support rods 
and LED for calibration 

Readout end with SiPMs 
mounted to PCB and 
signal connectors.  

Main goals:
• Optimize the shashlik calorimeter with SiPM read out.
• Update the shashlik calorimeter option for EIC detector.
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Production of the prototype in UTFSM, Chile.

1.5

0.8

36.8

Must be a hole for double-end bolt. 
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Radiation hard plastic scintillator for the 
Shashlik.
• Polystyrene DOW STYRONTM 637 Polystyrene (IUPAC Poly(1-
phenylethane-1,2-diyl)), sometimes abbreviated PS, is an aromatic polymer made from the aromatic 
monomer styrene, a liquid hydrocarbon that is commercially manufactured from petroleum by the 
chemical industry. Polystyrene is one of the most widely used kinds of plastic.

• There are 2 solutes: 2%pTP(p-Terphenyl (C18H14)) and 0,02% POPOP 
(C24H16N2O). 
• This combination of the polystyrene and the solutes is complimentary 

to BCF-91A WLS fiber (Saint-Gobain).
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38 x 38 x 1.5 plastic and W80Cu20 plates (with polyvinyl film).

the front side with clear 
Plate for LED 

The rear side with 
holders for light guides 

Fibers with 
light guides
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9 modules were assembled, tested and sent to BNL 
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Shashlik modules.
Sergey Kuleshov

Universidad Andrés Bello,
Universidad Técnica Federico Santa María,

Chile 
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A set of calorimeter components 
was sent to from UTFSM to BNL 

for additional studies on light 
collection.

� Short stack of absorber and scintillator plates
� WLS fibers 
� Acrylic light mixers
� SiPM readout board and mounting plate

These will be used to do detailed 
studies of the light collection within 
the absorber stack using lasers, LEDs 

and radioactive sources in the lab.

Will also test with new 3x3 mm2

15 mm pixel SiPMs from 
Hamamatsu and KETEK.
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